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(57) Abstract 



The invention relates to a method and an ar- 
rangement for estimating a DC-offset in at least 
one analog output signal from an analog front end 
of a radio receiver in a TDMA-based radio com- 
munication system. A sequence of measurement 
intervals is defined (501) such that for each burst 
transmitted on a radio carrier frequency by mo- 
bile stations operating in a common cell, there is 
at least one measurement interval during which 
no overlap with a second burst occurs. The ana- 
log front end of the radio receiver generates (502) 
the analog output signal by performing analog sig- 
nal processing of received radio signals. Digital 
samples are derived (503) from the analog out- 
put signal. A measure of received signal power 
in each measurement interval in a framing period 
is estimated (504). At least one measurement in- 
terval during the framing period is selected (505) 
in dependence of said measure. The DC-offset is 
estimated (506) using samples belonging to said 
selected measurement interval. 
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METHOD AND AHRANGES1E23T XN A RADZO RECEIVER 
TECHNICAL FIEIiD OF !CHE INVEHTION 

The invention relates to a method and an axreuigement in a radio 
receiver for use in a TDMA-based radio communication system. 
More specifically the invention relates to a method and 
5 arrangement for estimating a DC-offset generated in an analog 
front end of the radio receiver, 

DESCRIPTION OF REZiATED ART 

Radio receivers, with the possible exception of radio receivers 
used in pure analog radio communication systems, comprises an 

10 analog front end and a digital back end. The analog front end of 
a radio receiver receives radio signals from an cintenna and 
performs analog signal processing « such as air^lif ication, 
filtering and frequency dawn conversion, of the received radio 
signal resulting in at least one cuialog output signal from the 

15 analog front end to the digital back end. In e.g. second 
generation cellular systems such as Digital Adveoiced Mobile 
Phone System (D-AMPS) , Personal Digital System (PDC) euid Global 
System for Mobile communications (GSM) and evolutions of said 
systems such as Enhajiced Data rates for GSM (EDGE) , the analog 

20 front end typically provides the digital back end with two 
output signals, one inphase signal (I-signal) and one quadrature 
signal (Q-signal) . 

A well known problem arising in the radio receiver is that each 
output signal from the analog front end comprises an unweuited 
25 DC-offset component which is generated by the analog front end 
due to e.g. local oscillator leakage and component mismatches. A 
radio receiver needs to include some kind of DC-offset 
correcting means, since the DC-offset otherwise would cause a 
serious degradation of the radio receiver performance. 

30 U.S. Patent 5,422,889 teaches a direct conversion receiver, i.e. 
a homodyne receiver, including an offset correction circuit, for 
use in a TDMA-based radio communication system. The offset 
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correction circuit determines and uses two different kinds of 
offset correction values when compensating for a DC-offset 
introduced in an analog front end of the receiver. In the radio 
communication system an assigned time slot on a radio carrier 
5 comprises a leading part containing no information to be 
detected and a data part containing transmitted information. 
A single offset correction value is determined during the 
leading part of the assigned timeslot by inhibiting the received 
modulated carrier to reach the mixer and adjusting the single 
10 offset correction value until it balances the DC-level from the 
analog front end . 

A set of variable parameter offset correction values is 
determined corresponding to each possible combination of radio 
carrier frequency and gain mode. Upon occurence of an assigned 
15 time slot, an updated offset correction value for the relevant 
carrier frequency/gain mode combination is determined as a 
function of an old offset correction value for said combination 
and an average value of the sampled output signal from the 
analog front end during the data part of the assigned time slot. 
The single offset correction value is applied for compensation 
of the DC-offset until the variable parameter offset correction 
values, which can provide more accurate correction, have been 
sufficiently updated. 



20 



25 



The British patent GB 2,267,629 describes a method and apparatus 
for reducing signal errors in GSM radio receivers. A received 
signal burst is demodulated to produce inphase and quadrature 
baseband signals which are digitised to provide a set of signal- 
value pairs, each consisting of an I-value and a corresponding 
Q-value in one bit period of the burst. 
30 DC-offsets in the I and Q signal paths are cancelled by 
determining the average I-value and average Q- value over the 
burst and substracting these average values respectively from 
the I- and Q-values of each signal value pair. The DC- 
cancellation operation is followed by a DC-restoration operation 
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to compensate for a possible DC-content in the received signal 
burst . 

SUMMARY OF THE INVENTION 

The present invention addresses the problem of estimating a DC- 
5 offset in at least one analog output signal from an analog front 
end of a radio receiver in a time division multiple access 
(TDMA) based radio communication system. 

The problem is solved essentially by a method and arrangement in 
which a sequence of measurement intervals is defined such that, 

10 regardless of how the sequence of measurement intervals is 
shifted in time relative to a structure of bursts transmitted on 
a radio carrier frequency by mobile stations operating in a 
common cell, there is for each transmitted burst, at least one 
measurement interval during which no overlap with a second burst 

15 occurs. The DC-offset is estimated based on output signals from 
the analog front end during selected ones of said measurement 
inteirvals . 

More specifically, the problem is solved in the following 
manner. The sequence of measurement intervals is defined such 

2 0 that the distance between measurement intervals together with 
the length of measurement intervals fulfil certain criteria 
ensuring that, regardless of how the sequence of measurement 
intervals is shifted in time relative to said transmitted burst, 
there is at least one measurement interval for each transmitted 

25 burst during which no overlap with a second burst occurs. The 
analog front end of the radio receiver generates the at least 
one analog output signal by performing analog signal processing 
of received radio signals including the bursts transmitted by 
the mobile stations on the radio carrier. Digital scimples are 

30 derived from the at least one analog output signal. A measure of 
received signal power in each measurement interval in a framing 
period is estimated. At least one measurement interval during 
the framing period is selected in dependence of said estimated 
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received signal power. The DC-offset is estimated using samples 
among the digital samples which belong to said selected 
measurement interval . 

According to one embodiment of the invention the DC-offsec is 



belonging to said selected measurement interval. 

According to another embodiment of the invention the DC-offset 
is estimated as an running average of at least a subset of 
samples belonging to the selected measurement interval in at 
least two consecutive framing periods. 

A general object of the invention is to provide a method and 
arrangement for estimating a DC-offset in at lease one output 
signal from an analog front end of a radio receiver operating in 
a TDMA-based radio communication system and receiving radio 
signals transmitted by mobile stations on a radio carrier 
frequency . 

A more specific object is to provide such a method and 
arrangement for estimating the DC-offset that do not require the 
radio receiver and the mobile stations to be synchronized. 

Yet another object is to provide a method and arrangement for 
estimating the DC-offset that provides DC-offset estimates fast 
fast enough to enable the radio receiver to adjust to variations 
in the DC-offset e.g. due to temperature variations. 

One advantage afforded by the invention is that the radio 
receiver and the mobile stations transmitting the radio signals 
received by the radio receiver need not be synchronized. 

Another advantage of the invention is that DC-offsets can be 
provided fast enough to enable the radio receiver to adjust to 
variations in the DC-offset e.g. due to temperature variations. 



estimated as an average of at least a subset of samples- 
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The invention will now be described in more detail with 
reference to exemplifying embodiments thereof and also with 
reference to the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view illustrating part of a TDMA based radio 
communication system. 

Fig. 2 is a time- frequency diagram illustrating three digital 
traffic channels. 

Fig. 3 is a block schematic illustrating a low-IF 
superheterodyne receiver according to a first embodiment of the 
present invention. 

Fig. 4 is a time diagram illustrating a sequence of measurement 
periods . 

Fig. 5 is a flowchart of the general method for estimating a DC- 
offset according to the present invention. 

Fig. 6 is a block schematic illustrating function blocks in a 
DC-estimator. 

Fig. 7A is a time diagram illustrating the relative positions of 
measurement intervals in a first measurement sequence with 
respect to TDMA-frames on a radio carrier frequency. 

Fig. 7B is a time diagram illustrating the relative positions of 
measurement intervals in a second measurement sequence with 
respect to TDMA-frames on a radio carrier frequency. 

Fig. 8 is a block schematic illustrating a homodyne receiver 
according to a second embodiment of the present invention. 

DETAIIiED DESCRIPTION OF THE EMBODIMENTS 

Fig. 1 shows part of a TDMA radio communication system PLMNl, 
which in this example is a mobile telephony network using a 
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radio interface according to the TIA/EIA IS-136 specification. 
The radio communication system PLMNl comprises a first base 
station BSl and a second base station BS2 connected to a mobile 
services switching centre MSCl . The communication system PLMNl 
also comprises a first, a second and a third mobile station MSI- 
MSB. In this example scenario all three mobile stations MSl-MSB" 
are operating within an area, i.e. cell, served by the first 
base station BSl. 

All the mobile station MSI, MS2 and MSB are in active 
communication with the first base station BSl and have each been 
assigned one digital traffic channel DTCl, DTC2 and DTC3 
respectively. The mobile stations MS1-MS3 transmit information 
to the first base station BSl in the forward, i.e. uplink, 
portion of the respective traffic channel DTC1-DTC3 and receives 
information from the first base station BSl in the reverse, i.e. 
downlink, portion of the respective digital traffic channel 
DTC1-DTC3 . 

Fig. 2 illustrates the digital traffic channels DTC1-DTC3 of 
this example scenario in the time TI and frequency FREQ domains. 
Note that with respect to the time domain. Fig, 2 illustrates 
the situation as viewed at the first base station BSl. ' 
In the frequency domain FREQ, the forward portions of the 
digital traffic channels DTC1-DTC3 all use a common first radio 
carrier frequency RCFl . According to the TIA/EIA IS-136 
specification, this implies that the backward portions of the 
digital traffic channels DTCl-DTCB all use a common second radio 
carrier frequency RCF2 . 

In the time domain TI both radio carrier frequencies RCF1-RCF2 
are divided into equally sized time slots TS1-TS6 . A group of 
six consecutive time slots forms a TDMA-frame TDMAl . The TDMA- 
frame length is 40 ms and thus the time slot length is 6.67 ms . 
The time slot length expressed in terms of radio symbols is 
exactly 162 radio symbols. In this example scenario all the 
digital traffic channels DTCl-DTCB are full-rate channels i.e. 
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each channel is assigned two equally spaced time slots of the 
frame. Thus DTCl is assigned timeslots TSl and TS4 , DTC2 
utilizes timeslots TS2 and TS5 and DTC3 utilizes timeslots TS3 
and TS6 . As illustrated in Fig. 2, the time slot structures of 
5 the second radio carrier frequency RCF2 is shifted relative to 
the time slot structure of the first radio carrier frequency" 
RCFl. Communication between the first base station BSl and the 
mobile stations MS1-MS3 on the digital traffic channels DTCl- 
DTC3 occurs by transmission of radio signals in the form of 

10 bursts of radio symbols in time slots assigned to the respective 
digital traffic channel DTC1-DTC3 on either the first radio 
carrier frequency RCFl or the second radio carrier frequency 
RCF2. The mobile stations MS1-MS3 are synchronized to the stream 
of bursts they receive from the first base station BSl in the 

15 downlink portion of the respective assigned digital traffic 
channel DTC1-DTC3. Based on when the mobile stations MS1-MS3 
receives said bursts from the first base station BSl, the mobile 
stations MS1-MS3 determine when they should transmit bursts in 
the reverse portion of the respective digital traffic channel 

20 DTC1-DTC3. 

As illustrated in Fig. 1, depending on the geographical position 
of each mobile station MS1-MS3 the distance between the first 
base station BSl and the respective mobile station MS1-MS3 
varies. This implies that the transmission delay, with respect 

25 to bursts transmitted by the different mobile stations MS1-MS3 
and received by the first base station BSl, also varies. Since 
it is important that at the first base station BSl bursts 
transmitted by the different mobile stations MS1-MS3 do not 
overlap each other, i.e. that the bursts transmitted in the 

30 reverse portion of the respective digital traffic channel DTCl- 
DTC3 are received by the first base station BSl in the time 
slots assigned to the respective digital traffic channel DTCl- 
DTC3, the TIA/EIA IS-136 specification defines a time alignment 
procedure for adjusting the transmission time of the mobile 

3 5 stations MS1-MS3 so that the transmitted bursts arrive in the 
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proper time slots at the first base station BSl . The first base 
station BSl determines a proper timing advance value for each 
mobile station MS1-MS3 and informs each mobile station MS1-MS3 
of how much it should advance its transmissions with respect to 
5 a standard offset reference. A mobile station near the first 
base station BSl is provided with a zero timing advance value- 
while a mobile station further away from the first base station 
BSl may be ordered to advance its burst transmissions up to a 
maximum timing advance value of 15 radio symbols. In the example 
10 scenario illustrated in Fig. 1 the second mobile station MS2 and 
the third mobile station MS3 are assumed to be using the maximum 
timing advance value of 15 radio symbols, while the first mobile 
station MSI, being closer to the first base station BSl than the 
other two base stations MS2-MS3, uses a timing advance value 
15 less than 15 radio symbols . Note that even though the time 
alignment procedure sees to it that the first base station BSl 
may receive bursts transmitted by the mobile stations MS1-MS3 
without any overlap despite the varying distances between the 
first base station BSl and each respective mobile station MSl- 
MS3, if an attempt is made to receive these bursts at the second 
base station BS2 , they will partly overlap each other. 



20 



In the example scenario illustrated in Fig. 1, the second mobile 
station MS2 is moving away from the first base station BSl and 
towards the second base station BS2 . TIA/EIA IS-136 specifies a 

2 5 mobile assisted handoff function and for this purpose, the 
second mobile station MS2 performs measurements on its assigned 
digital traffic channel DTC2 and on radio signals from neighbour 
■ base stations, including the second base station BS2 . The 
results of these measurements are reported to the first base 

30 station BSl. As the second mobile station MS2 approaches the 
second base station BS2 the signal strength on the digital 
traffic channel DTC2 decreases while the signal strength of the 
signals from the second base station BS2 increases. The first 
base station BSl evaluates the results reported from the second 

35 mobile station MS2 as well as results of its own measurements on 
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the digital traffic channel DTC2 . When a handoff trigger 
criterion is fulfilled, the first base station BSl sends a 
handoff request message to the mobile services switching centre 
MSCl, identifying the second base station BS2 as the primary 
target for a hand off. The mobile services switching centre MSCl 
sends a verification request message to the second base station" 
BS2 ordering the second base station BS2 to verify that the 
second base station BS2 can receive the transmissions from the 
second mobile station MS2 in the reverse portion of the digital 
traffic channel DTC2 . The second base station BS2 tunes a radio 
receiver 101 to the second radio carrier frequency RFC2 and 
tries to measure and evaluate the decoded digital verification 
color code, the received signal strength and the received burst 
quality. 

15 In order for the second basestation BS2 to perform the 
verification task, the radio receiver 101 needs to be able to 
detect and decode radio symbols in the bursts transmitted on the 
the second radio carrier frequency RFC2 . The radio receiver 101 
comprises an analog front end 102 connected to a digital back 

20 end 103. The analog front end 102 performs analog signal 
processing of received radio signals producing two analog output 
signals, one inphase signal (I-signal) and one quadrature signal 
(Q-signal) . The two analog output signals are received by the 
digital back end 103. The digital back end 103 converts the 

25 analog output signals into digital signals which are then 
digitally processed. 

A problem in the radio receiver 101 is that the analog front end 
circuitry generates DC-offsets in the analog output signals. 
These DC-offsets have a number of contributing sources such as 

3 0 local oscillator leakage and component mismatches • A DC-offset 
for an analog output signal with a dynamic range of 0 - 2.5 V, 
may typically be of the order +/- 10 mV, have a temperature 
variation of 0.1 mV per degree and change up to 6 mV when 
changing between different radio carrier frequencies. In order 

3 5 to prevent the DC-offsets from seriously degrading the radio 
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receivers 101 capability of correct detection of received radio 
symbols, the radio receiver 101 must include means for 
estimating the DC-offsets such that the radio receiver 101 may 
compensate for these DC-offsets. 

The DC-offsecs may be estimated in the digital back end 103 of 
the radio receiver 101 from the digital signals corresponding to- 
the analog output signals from the analog front end 102. This 
estimation may be based on an expectation that the average DC- 
content of the received radio signals is zero. However, 
individual radio symbols transmitted by the mobile stations MSI- 
MS3 and received by the radio receiver 101 do have DC-content 
which is proportional to the amplitude of the received radio 
symbols. Thus sufficiently many samples in said digital signals 
belonging to sufficiently many radio symbols must be used when 
estimating the DC-offsets in order to provide good DC-estimates. 
A problem complicating the situation is that the difference in 
received signal strength of bursts transmitted by the different 
mobile stations MS1-MS3 may be up to 60-70 dB. Detection of 
radio symbols in a weak burst requires better DC-offset 
estimates than detection of radio symbols in a strong burst. 
Furthermore, if DC-offset estimates of a certain precision is 
arrived at after using samples of weak bursts, in order to 
provide DC -offset estimates of the same precision when using 
samples of much stronger bursts, a longer sequence of samples is 
needed. Thus, if DC-estimates based on radio symbols in strong 
bursts were to be used for DC-offset correction when detecting 
radio symbols in a weak burst, a very long sequence of samples 
would have to be used in order to yield good enough DC- 
estimates. For example, if bursts transmitted by mobile stations 
MSI and MS2 were to have a received signal strength 60 dB higher 
than bursts transmitted by the mobile station MS3, a sample 
sequence of magnitude 14 minutes would have to be used. Such 
long sample sequence are far to long to enable the DC-offset 
estimates to track changes in the DC-offsets caused by e.g. 
temperature variations in the radio receiver 101. 
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The end result is that in order to be able to use DC-offset 
estimates based on relative short sample sequences when 
detecting radio symbols received from a mobile station, these 
DC-offset estimates need to be based on samples either of bursts 
5 transmitted by the same mobile station, on samples of bursts 
received with less signal strength or on samples of empty time" 
slots, i.e. time periods during which no bursts are transmitted. 
A further complication with regards to DC-offset estimation in 
the context of the present example scenario is that the radio 

10 receiver 101 and the mobile stations MS1-MS3 are not 
synchronized and thus the radio receiver 101 do not know when 
bursts transmitted by the respective mobile stations MS1-MS3 
begins and ends. Furthermore, as explained previously, bursts 
transmitted by the different mobile stations MS1-MS3 and 

15 received by the radio receiver 101 in the second base station 
BS2 partly overlap each other. 

Fig. 5 illustrates the general method according to the present 
invention for estimating the DC-offsets in the two analog output 
signals from the analog front end 102 of the radio receiver 101 
2 0 in Fig. 1. 

At step 501 a sequence of measurement intervals is defined. This 
sequence of measurement intervals is defined as illustrated in 
Fig. 4. 

Fig. 4 is a time diagram illustrating a pattern of first regions 
25 401 and second regions 402 in the time domain TI . The first 
regions 401 have each a pretermined length Ll . The centres of 
two consecutive first regions are separated, by a distance Dl 
equal to one time slot, i.e. 162 radio symbols according to 
TIA/EIA IS-136. Each of the second regions 402 extends between 
30 consecutive first regions 401. Each of the first regions 401 is 
intended to have a length Ll such that, assuming the pattern 
would be properly aligned to the timing of the bursts 
transmitted by the mobile stations MS1-MS3 on the second radio 
carrier frequency RFC2 , there is a neglible risk that two bursts 
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received by the second base station BS2 will overlap each other 
outside the first regions 401. In the scenario illustrated in 
Fig. 1/ where both the second mobile station MS2 and the third 
mobile station MS3 are using the maximum timing advance value 
according to the EIA/TIA IS-13 6 specification, the required 
length LI of the first regions 401 is twice the maximum timing"" 
advance value, i.e. 3 0 radio symbols. The maximum timing advance 
value according to the EIA/TIA IS-136 specification is only used 
for communication in large macro cells. Thus assuming that the 
cell served by the first base station BSl is a smaller cell, 
e.g. a micro cell, an effective maximum timing advance value 
used by the mobile stations MS1-MS3 when .transmitting bursts on 
the second radio carrier frequency RCF2 would be less than the 
maximum timing advance value of 15 radio symbols defined in the 
TIA/EIA IS-13 6 specification. When such an effective maximum 
timing advance value is used, it suffices that the first region 
length LI is twice the effective maximum timing advance value. 

The sequence of measurement intervals 410 is defined such that 
for any first measurement interval 411 in the sequence, there is 
a subsequent measurement interval 412 which together with the 
first measurement interval 411 fulfil the following two 
criteria: 

the distance D2 between the first measurement interval 411 
and the second measurement interval is greater than the 
length LI of a first region 401; 
- the distance D3 from the beginning of the first measurement 
interval 411 to the end of the second measurement interval 
412 is less than the length L2 of a second region 402. 

At step 502 in Fig, 5, the analog front end 102 generates the 
analog output signals by performing analog signal processing, 
such as amplification, filtering and frequency down conversion, 
of radio signals received by the radio receiver 101. These radio 
signals include the radio signals transmitted by the mobile 
stations MS1-MS3 on the second radio carrier frequency RCF2 . 
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At step 503 digital samples are derived from the two analog 
output signals from the analog front end 102. This step includes 
at least analog-to-digital conversion of the two analog output 
signals, but may also comprise further digital signal processing 
5 such as frequency conversion and filtering in the digital 
backend 103 . Since the general trend is to minimize the amount" 
of signal processing in the analog front end 102, step 503 will 
typically comprise further digital signal processing in the 
digital backend 103 . 

10 At step 504, the digital samples are used to estimate a measure 
of received signal power for each measurement interval in a 
framing period. The. framing period length is selected such that 
transmissions from all the mobil stations MS1-MS3 currently 
assigned a digital traffic channel DTC1-DTC3 on the second radio 

15 frequency carrier RFC2 may be received within a framing period. 
Thus the framing period may be selected as a framing period of 
length corresponding to one TDMA- frame. However, the mobile 
telephony network PLMNl illustrated in Fig. 1 is assiomed to 
support only fullrate digital traffic channels. Since this 

2 0 implies that the assignment of time slots on a radio carrier 

frequency to digital traffic channels are repeated after three 
time slots, i.e. a half TDMA-frame, an alternative and preferred 
way of selecting the framing period in the context of the 
present example scenario is as a framing period FP2 of length 
25 corresponding to half a TDMA-frame. The framing period FP2 is 
illustrated in Fig. 4. 

At step 505 at least one measurement interval in the framing 
period is selected in dependence of the previously estimated 
measures of received signal power. A preferred way of selecting 

3 0 is to select the measurement interval having the weakest 

received signal strength. 

At step 506 the DC-offset is estimated using samples among said 
digital samples which belong to said selected measurement 
interval . 
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One way of estimating the DC-offset is to determine an average 
of at least a subset of the samples belonging to the selected 
measurement interval , 

Another way of estimating the DC offset is to determine a 
running average of at least a subset of the samples belonging to 
the selected measurement interval in at least two consecutive"" 
framing periods . 

Fig. 3 illustrates a radio receiver 3 01 according to a first 
examplifying embodiment of the invention. The radio receiver 301 
is well suited for use e.g. as the radio receiver 101 in the 
second base station BS2 in Fig. 1. 



The radio receiver comprises an analog front end 302 and a 
digital back end 303. 

The analog front end 3 02 performs analog signal processing of a 

15 radio signal S31 from an antenna 304 as follows. A high 
frequency block 305 amplifies and filters the radio signal S31. 
The output signal from the high frequency block 305 is down 
converted to a first intermediate frequency by a first mixer 
306. The first mixer 306 is fed by an oscillating sine signal, 

20 having a frequency fLoi, from a first local oscillator 307. The 
frequency fLoi is selected in dependence of which radio carrier 
frequency the radio receiver 3 01 is tuned to, such that the down 
converted signal is centered around a first intermediate 
frequency fjp^ of 100 MHz. The output signal from the first mixer 

25 .306 is fed to an intermediate frequency block 308. The 
intermediate frequency block 3 08 filters and amplifies the 
output signal from the first mixer 306. The output signal from 
the intermediate frequency block 3 08 is fed in parallell to a 
second and a third mixer 310-311 respectively. The second mixer 

30 310 and the third mixer 311 are fed by a pair of oscillating 
sine signals in quadrature. The second mixer 310 is fed directly 
from a second local oscillator 312 generating an oscillating 
signal having a frequency f^os of 99.985 MHz. The third mixer 311 
is fed from the second local oscillator 312 via a phase shifter 
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causing a delay corresponding to a phase shift of 11/2. Output 
signal S3 2 from the second mixer 310 together with output signal 
S33 from the third mixer 311 constitutes analog output signals 
from the analog front end 302. The output signals S32-S33 from 
the analog front end 302 are not baseband signals, but contain a 
carrier rest of 15 kHz. For this reason and due to the receiver* 
structure, the radio receiver 3 01 may be labeled as a low- IF 
superheterodyne receiver . 

In the digital back end 3 03 of the radio . receiver 3 01, the two 
output signals S3 2 -S3 3 from the analog front end 3 02 are 
converted into a pair of digital signals S34-S3 5 by a pair of 
analog-to-digital converters 314-315. The analog-to-digital 
converters are operating at a sampling frequency fg of 194.4 
kHz. The digital signals S34-S35 are down converted to the base 
band, i.e. the remaining carrier rest of 15 kHz are removed from 
the respective signal S34-S35, in a first complex digital mixer 
316. The respective output signal from the first complex digital 
mixers 316, are filtered in a pair of baseband finite response 
filters (FIR) 318-319. The respective output signal from the 
pair of finite response filters 318-319 are then upconverted in 
a second complex digital mixer 320 so that the output signals 
S36-S37 from the second complex digital mixer 320 once more 
contains a carrier rest of 15 kHz. The respective output signal 
S36-S37 from the second complex digital mixer are fed in to a 
DC-offset estimator 322. Based on the output signals S36-S37 
from the second complex digital mixer 320, the DC-offset 
estimator 322 provides a first DC-offset estimate DC31 for 
correction of signal S3 6 and a second DC-offset DC32 for 
correction of signal S37 . The respective DC-offset estimates 
DC31-DC32 are subs trac ted from the respective output signal S36- 
S37 from the second complex digital mixer 32 0 in a pair of 
adders 324-325, i.e. the respective DC-offset estimate DC31-DC32 
are subtracted from each sample in the respective output signal 
S36-S37. Note that the DC-offset estimator 322 continuously 
updates the DC-offset estimates DC31-DC32 in accordance with 
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samples in the signals S36-S37 in order to track changes in the 
DC-offsets generated by the analog front end 302. In a third 
complex digital mixer 326 the respective output signal from the 
pair of adders 324-325 are downconverted to the base band. 
Finally, a detector unit 32 8 receives the output signals from 
the third complex digital mixer 326 and uses these signals to"" 
perform radio symbol detection. 

The analog- to-digital converters 314-315, the first complex 
digital mixer 316, the FIR-filters 318-319 and the second 
complex digital mixer 32 0 may collectively be reagrded as a 
means for deriving the digital signals S3 6-S37, i.e. digital 
samples, from the two analog output signals S32-S33 generated by 
the analog front end 3 02. 

Fig. 6 provides further details on the internal structure of the 
DC-offset estimator 322. The DC-offset estimator 322 comprises a 
sample arranger 601 which receives the pair of digital signals 
S36-S37 from the second complex digital mixer 320 in Fig. 3. The 
pair of digital signal S36-S37 can be described as a complex 
digital signal 

Sin(k) = (k) + j*Qin (k) (1) 

where k is an index variable, I(k) represents samples in the 
digital signal S3 6 and Q(k) represents samples in the digital 
signal S37. If SmCko), i.e. li^ (ko) + j^Qm (ko) , is a first 
complex sample of a received radio symbol, then all complex 
samples upto Sin(ko+7) are samples of the same received radio 
symbol, i.e. each radio symbol results in 8 complex samples. 

The sample arranger 601 groups samples in the complex digital 
signal Sin(k) into sets of samples corresponding to measurement 
intervals in a sequence of measurement intervals. The 
measurement intervals are defined such that the criteria 
described in connection with Fig. 4 are fulfilled. In this 
particular embodiment each measurement interval is of a length 
corresponding to 49 radio symbols and the distance between two 
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consecutive measurement intervals corresponds to 32 radio 
symbols . Thus each group of samples corresponding to a 
measurement interval consists of 392 consecutive samples. The 
distance between to measurement intervals corresponds to 256 
5 samples, i.e. if sample Sin{kiast) is the last sample in a group 
of samples corresponding to a measurement interval, the first" 
sample in the group of samples corresponding to the next 
measurement interval is sample Sin (kiast+257 ) . 

Each group of samples corresponding to a measurement interval 
10 are processed in parallell by a power estimator 602 and a 
measurement interval average estimator 603 . 

The power estimator 602 forms a power measure estimate P for the 
measurement interval as a sum 

(L-8/R)-2 

15 P = 2 |lin{no+n-R)-Iin(no+(n+l)-R)| + [Qm (no+n-R) -Qin (no+ (n+1 ) -R) | (2) 

n=0 

where n is an index variable, 

no is the index of the first complex sample Sin (no) in the group 
of samples corresponding to the measurement interval 
20 L=49is the measurement interval length expressed as number of 
radio symbols and 

R = 4 is a constant controlling which samples are used when 
forming the power measure estimate. 

In expression (2), samples Sin(no), Sin(no+4), Sin(no+8).„ Sin(no+96) 
25 are used, i.e. the used samples forms a subset comprising the 
first sample and then each fourth sample of the samples in the 
group corresponding to the measurement interval . Using each 
fourth sample implies that two samples per received radio symbol 
is used when forming the power measure estimate P. The power 
30 measure estimate P is formed as a sum of the distances in the 
real and imaginary parts between consequtive samples in said 
subset of samples . 
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The measurement interval average estimator 603 forms a complex 
average A of said subset of samples used when estimating the 
received signal power during the measurement interval i.e. 

(L-8/R)-l 

A = (R/{L-8))-V Sin{no+n-R) (3) 

n=0 _ 

The power measure estimate P and the average A for each 
measurement interval are supplied to a selector 604 in pairs. 
The selector stores power measure estimates and averages for six 
consecutive measurement intervals, corresponding to a framing 
period of a half TDMA- frame, before the selector among said six 
consecutive measurement intervals selects the measurement 
interval having the least power measure estimate. The selector 
604 passes the average A for the selected measurement interval 
15 to a DC-level estimator 605. The DC-level estimator 605 
estimates a complex DC-offset estimate as a running average of 
the four latest selected measurement interval averages Ai-A4 
received from the selector 604. The complex DC-offset estimate 
is thus determined as . 

4 

Vijc.est = (1/4) -S A„ (4) 
n=l 

The first DC-offset estimate DC31 constitutes the real part of 
the complex DC-offset Voc.est while the second DC-offset estimate 
DC32 constitutes the imaginary part of the complex DC-offset 
Voc.Gsf The DC-offset estimates DC31 and DC32 are stored in a 
storage unit 606. Since a new complex DC-offset Vtx:_esc is 
computed at the end of each framing period, the DC-offset 
estimates DC31 and DC32 are updated at the end of each framing 
period. This implies that the DC-offset estimates DC31-DC32 used 
when correcting the respective digital signals S36-S37 during a 
framing period was determined during the immediately preceeding 
framing period. 
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30 
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Fig. 8 illustrates a radio receiver 801 according to a second 
examplifying embodiment of the invention. The radio receiver 801 
is of homodyne type i.e. received radio signals are directly 
converted down to base band frequencies . 

5 The radio receiver 801 comprises an analog front end 802 and ^ 
digital back end 803 . 

The analog front end 802 performs analog signal processing of a 
radio signal S81 received from an antenna 804 as follows. A high 
frequency block 805 amplifies and filters the radio signal S81. 

10 The output signal from the high frequency block 805 is fed in 
parallell to a first and a second mixer 806-807 respectively. 
The first mixer 806 and the second mixer 807 are fed by a pair 
of oscillating sine signals in quadrature. The first mixer 806 
is fed directly from a first local oscillator 808 generating an 

15 oscillating signal having a frequency fLo. The frequency fLo is 
equal to the radio carrier frequency the radio receiver 801 is 
tuned to. The second mixer 807 is fed from the local oscillator 
808 via a phase shifter 809 causing a delay corresponding to a 
phase shift of 17/2. The output signals from the first mixer 806 

20 and the second mixer 807 are fed to a first analog base band 
block 810 and a second analog base band block 811 respectively. 
The output signals from the respective mixer 806-807 are first 
low pass filtered and then amplified in the respective analog 
base band block 810-811. Output signals S82 from the first 

25 analog base band block 810 together with output signal S83 from 
the second analog base band block 811 constitutes analog output 
signals from the analog front end 802. The output signals S82- 
S83 from the analog front end 802 are baseband signals. 

In the digital back end 8 03 of the radio receiver 801, the two 
3 0 output signals S82-S83 from the analog front end 802 are 
converted into a pair of digital signals S84-S85 by a pair of 
analog-to«digital converters 812-813. The analog- to-digital 
converters are operating at a sampling frequency fg of 194.4 
kHz. The digital signals S84~S85 are filtered in a pair of 
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baseband finite response filters (FIR) 814-815. The respective 
output signal S86-S87 from the finite response filters are fed 
in to a DC-offset estimator 816. Based on the output signals 
S86-S87 from the baseband finite response filters (FIR) 814-815, 
the DC-offset estimator 816 provides a first DC-offset estimate 
DC81 for correction of signal S86 and a second DC-offset DC82^ 
for correction of signal SSI. The respective DC-offset estimates 
DC81-DC82 are substracted from the respective output signal S86- 
S87 from the finite response filters 814-815 in a pair of adders 
817-818, i.e. the respective DC-offset estimate DC81-DC82 are 
subtracted from each sample in the respective output signal S86- 
S87 . Finally, a detector unit 819 receives the output signals 
from the pair of adders 817-818 and uses these signals to 
perform radio symbol detection. 

Fig. 6 provides a valid illustration of the internal structure 
of the estimator 816 in Fig. 8. When applying Fig. 6 to the 
estimator 816 in Fig. 8, digital signals S3 6-S37 are replaced by 
digital signals S86-S87 and DC-estimates DC31-DC32 are replaced 
by DC-estimates DC81-DC82 . The basic operation of each of the 
elements in Fig. 6 is the same as previously discussed and 
expressions (1) - (4) are valid also in this case with some 
minor modifications. In expression (2) and (3) the constant R is 
changed to R = 8, i.e. each eight sample in the digital signals 
S86-S87 are used when calculating the power estimate P and the 
average A. It is further recommended that in expression (4) the 
Complex DC-offset estimate Voc^est is calculated as a running 
average of the 128 latest selected measurement intervals. These 
modifications are due to the fact that the analog output signals 
S32-S33 from the analog front end 302 contains a carrier rest of 
15 kHz v/hile the analog output signals S82-S83 from the analog 
front end 802 are base band signals, which causes the received 
radio symbols in the signals S32-S33 to have different 
properties as compared to the received radio symbols in the 
signals S82-S83 . Primarily it is the difference in DC-content of 
individual radio symbols that is of importance for the present 
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invention. Individual radio symbols in the signals S32-S33 
comprising a 15 kHz carrier rest have a significantly lower DC- 
content than individual radio symbols in the baseband signals 
S82-S83 . Thus, for the radio receiver 801 in Fig. 8 a greater 
5 number of selected measurement intervals is needed when 
calculating the complex DC-offset estimate Voc.est as compared to"" 
the number of measurement intervals used when performing the 
corresponding calculation for the radio receiver 3 01 in Fig. 3. 

Yet a third examplifying embodiment of the invention is arrived 
10 at by replacing the analog front end 3 02 of the radio receiver 
3 01 in Fig, 3 with the analog front end 802 in Fig. 8 and 
modifying the first local oscillator 808 to generate an 
oscillating sine signal having a frequency such that the output 
signals from the analog front end 802 contain a carrier rest of. 
15 15 kHz. Such a replacement of the analog front end do not 
require any modifications to the digital backend 303 in Fig. 3. 

In addition to the examplifying embodiment of the invention 
described above, there are several other possible embodiments of 
the current invention, some of which are discussed down below. 

20 Both the radio receiver 301 in Fig. 3 and the radio receiver 801 
in Fig. 8 use a measurement interval sequences wherein each 
measurement interval is of length corresponding to 49 radio 
symbols and the distance between two consecutive measurement 
intervals is of length corresponding to 32 radio symbols. This 

25 implies that the relative position of the measurement intervals 
in the measurement sequence remains static with respect to the 
TDMA-frames on the second radio carrier frequency RCF2 in Fig 2. 
Fig. 7A is a time diagram illustrating said static relationship 
between the measurement intervals and TDMA-frames. In Fig. 7A a 

30 measurement interval 701 begins at a first point in time T701 
along the time axis TI . Another measurement period 702 begins at 
a second point in time T7 02 one TDMA-frame period 703 after the 
first point in time T701. 
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A possible and desirable modification of the above described 
measurement interval sequence is to define the sequence such 
that the relative positions of the measurement intervals with 
respect to each consecutive TDMA- frame slowly changes, e.g. half 
a radio symbol up to 1-2 radio symbol per TDMA- frame period. 
This modified measurement interval sequence is illustrated in" 
the time diagram of Fig. 7B. In Fig. 7B a measurement interval 
704 begins at a first point in time T704 along the time axis TI. 
At a second point in time T705 one TDMA- frame period 703 after 
the first point in time T704, there is a short offset 706 to the 
beginning of the measurement interval 705 closest to the second 
point in time T705. Note that in Fig. 7B the offset 706 has been 
exaggerated for illustration purposes. One way of implementing 
this modified measurement sequence is to shorten the interval 
15 between the last measurement period in a framing period and the 
first measurement interval in the next framing period by e.g. a 
quarter of a radio symbol. This would cause said offset 706 to 
be half a radio symbol. Note that the criteria described in 
connection with Fig. 4 is still fulfilled for the modified 

2 0 measurement interval sequence. 

Another possible modification of the radio receiver 301 in Fig. 
3 is to use the complex average A (see expression (3)) for the 
selected measurement interval in each framing period as the 
complex DC-offset estimate. This means that the DC-level 
25 estimator 605 of Fig. 6 could be eliminated and instead the 
selecor 604 could store this selected complex average directly 
in the storage 606. It is also of course possible to use more or 
fewer selected measurement intervals than four when calculating 
complex DC-offset estimates as running averages over several 

3 0 measurement intervals. 

The radio receivers 301 and 801 both utilize a sequence of 
measurement intervals wherein the distance between each 
measurement interval corresponds to 32 radio symbols. This is 
more than twice the maximum timing advance value defined in 
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TIA/EIA IS-13 6 which implies that the previously stated 
criterion regarding the distance between measurement intervals 
is fulfilled for all radio communication systems complying with 
the TIA/EIA IS-136 specifications. 
5 As previously discussed, when a radio receiver according to the 
present invention is used to receive transmissions of mobile- 
stations operating in e.g. micro cells utilizing an effective 
maximum timing advance values which is less than the maximum 
timing advance value defined in TIA/EIA IS-136, it suffices that 

10 the distance between measurement intervals is greater than twice 
the effective maximum timing advance value used. The most 
extreme situation with regards to this aspect arises when the 
radio receiver is used in the context of small pico cells where 
no timing advance is used, i.e. the effective timing advance 

15 value is zero. In this extreme situation it suffices that the 
distance between each measurement interval is one sample period. 
Decreasing the distance between each measurement interval makes 
it possible to lengthen each measurement interval which enables 
the DC-offset estimate to be based on information from more 

20 radio symbols and thus provides for better DC-offset estimates. 

Both radio receiver 3 01 and radio receiver 801 could include 
configuring means enabling them to be configured by downloading 
parameters, either at installation or in operation, which 
controls the distance between each measurement period and the 

25 length of each measurement interval in accordance with the 
effective maximum timing advance value used in a certain 
context . 

An analog front end of a radio receiver according to the 
invention need not generate two analog output signals from the 

3 0 analog front end. A radio receiver receiving e.g. 2ASK modulated 
radio signals, would generate a single analog output signal from 
an analog front end. A radio receiver for receiving quadrature 
modulated radio signals, e.g according to the TIA/EIA IS-13 6 
specifications, may also generate a single analog output signal 

3 5 from an analog front end and instead derive a pair of digital 
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quadrature signals from the single analog output signal e.g. by 
using a hilbert transform. 

Even though in the example scenarion of Fig. 1, the radio 
receiver 101 is used for the purpose of verifying that the 
second base station BS2 can receive the transmissions of the^ 
second mobile station MS2 , the present invention is in no way 
limited to be used for such purpose. A radio receiver in the 
first base station BSl v/hich is used to receive transmissions 
from the mobile stations MS1-MS3 could also implement DC-offset 
estimation according to the present invention. Note however that 
in this situation, the time alignment procedure according to the 
TIA/EIA IS-13 6 specification ensures that the bursrs transmitted 
by the different mobile stations MS1-MS3 are received without 
any overlap and hence the distance between each measurement 
15 interval could be made minimum, i.e. one sample period. 

The invention is of course not restricted to be used only in 
TIA/EIA IS-136 compliant radio communication systems, but may 
also be used in connection with other TDMA-based air interface 
specifications such as those according to the Personal Digital 
20 Cellular (PDC) standard or the Global System for Mobile 
communications (GSM) standard and evolutions of said standards 
such as Enhanced Data rates for GSM (EDGE) . 
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1. A method for estimating a DC-offset {DC31, DC32) in at least 
one output signal {S32, S33) from an analog front end (302) of a 
radio receiver (301) in a TDMA-based radio communication system 
5 (PLMNl), wherein the radio receiver (301) is used to receive- 
radio signals transmitted by mobile stations (MS1-MS3) on a 
radio carrier frequency (RCF2) , the method comprising the steps 

of: 

a) defining (501) a sequence (410) of measurement intervals such 
10 that for any first measurement interval (411) in the sequence 

(410) there is a subsequent second measurement interval (412) 
which together with the first measurement interval (411) fulfil 
two criteria with respect to a pattern of first regions (401) 
and second regions (402) wherein each first region (401) has a 
15 predetermined length (LI) , the centres of two consecutive first 
regions (401) are separated by a distance equal to one time slot 

(Dl) and each second region (402) extends between two 
consecutive first regions (401), the two criteria being that: 

the distance (D2) between the first measurement interval 
20 (411) and the second measurement interval (412) is greater 

than the length (Ll) of one first region (401) , 

the distance (D3) from the beginning of the first measurement 
interval (411) to the end of the second measurement interval 
(412) is less than the length (L2) of one second region 
25 (402); 

b) generating the at least one analog output signal {S32, S33) 
by performing analog signal processing of received radio signals 
(S31) including the radio signals transmitted by the mobile 
stations (MS1-MS3) on the radio carrier frequency (RCF2) by the 

3 0 mobile stations (MS1-MS3) ; 

c) deriving digital samples {S3 6, S37) from the at least one 
analog output signal (S32, S33); 
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d) estimating (504) a measure of received signal power in each 
measurement interval in a framing period (FP2) using the digital 
samples (S3 6, S37) ; 

e) selecting (505) at least one of the measurement intervals 

5 in the framing period (FP2) in dependence of said estimated^ 
measures ; 

f) estimating (506) the DC-offsec (DC31, DC32) using samples 
among said digital samples (S36, S37) which belong to said 
selected measurement interval; 

10 2. A method according to claim Icharacterizedby 
the first regions (401) being time intervals of a length (LI) 
corresponding to twice a maximum timing advance value in the 
communication system (PLMNl) . 

3 , A method according to claim Icharacterizedby 
15 the first regions (401) being time intervals of a length (LI) 

corresponding to twice an effective maximum timing advance value 
used when communicating on the radio carrier frequency (RCF2). 

4. A method according to any one of claims 1-3 

characterizedin defining the sequence (410) of 
20 measurement intervals such that, with respect to a first point 
in time (T701) coinciding with the beginning of a measurement 
interval (701), a second point in time (T702) one TDMA-frame 
period (703) after the first point in time (T701) also coincides 
with the beginning of a measurement interval (702) . 

25 5. A method according to any one of claims 1-3 

characterizedin said sequence (410) of measurement 
intervals being defined such that, with respect to a first point 
in time (T704) coinciding with the beginning of a measurement 
interval (704), there is a small offset (706) in time between a 

30 second point in time (T705) one TDMA-frame period (703) after 
the first point in time (T704), and the beginning of the 
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measurement interval (705) closest to the second point in time 
(T705) . 

6. A method according to any one of claims. 1-5 

characterized in that the framing period is of 
5 length corresponding to one TDMA- frame. _ 

7. A method according to any one of claims 1-5 

characterized in that the framing period (FP2) is of 
length corresponding to a half TDMA- frame. 

8. A method according to any one of claims 1-7 

10 characterized by selecting in said step e) (505) the 
measurement interval with the weakest signal according to said 
estimated measures . 

9. A method according to any one of claims 1-8 

characterized by estimating in said step f) (506) 
15 the DC-offset (DC31, DC32) as an average of said samples 
belonging to the selected measurement interval . 

10. A method according to any one of claims 1-8 

character! zed by estimating in said step f) (506) 
the DC-offset (DC31, DC32) as a running average of said samples 
2 0 belonging to the selected measurement interval in at least two 
consecutive framing periods (FP2) . 

11. A radio receiver (301) for receiving radio signals 
transmitted by mobile stations (MS-1-MS3) on a radio carrier 
frequency (RCF2) in a TDMA-based radio communication system 

25 (PLMNl) comprising: 

- an analog front end (302) generating at least one analog 
output signal (S32, S33) by performing analog signal processing 
of received radio signals (S31) including the radio signals 
transmitted on the radio carrier frequency {RCF2) by the mobile 
30 stations (MS1-MS3); 
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- deriving means (314, 315, 316, 318, 319, 320) connected to the 
analog front end (302) and deriving digital samples {S3 6, S37) 
from the at least one analog output signal (S32, S33); 

- a DC-offset estimator (322) estimating a DC-offset (DC31, 
DC32) in the at least one analog output signal (S32, S33) frorcL 
the analog front end (302); 

characterize din the DC-offset estimator (322) 
comprising: 

- sample arranging means (601) for grouping the digital samples 
(S3 6, S37) into sets of samples corresponding to measurement 
intervals (411, 412) in a sequence (410) of measurement 
intervals defined such that for any first measurement interval 
(411) in the sequence (410) there is a subsequent second 
measurement interval (412) which together with the first 
measurement interval (411) fulfill two criteria with respect to 
a pattern of first regions (401) and second regions (402) 
wherein each first region (401) have a predetermined length 
(LI) , the centres of two consecutive first regions (401) are 
separated by a distance (Dl) equal to one time slot and each 
second region (402) extends between two consecutive first 
regions (401), the two criteria being that: 

the distance (D2) between the first measurement interval 
(411) and the second measurement (412) interval is greater than 
the length (LI) of one. first region (401), 

the distance (D3) from the beginning of the first 
measurement interval (411) to the end of the second measurement 
interval (412) is less than the length of one second region 



(402) ; 



signal 
(FP2) 



-power 



estimating means (602) estimating a measure of received 
power in each measurement interval in a framing period 
using samples in the respective set of samples 
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corresponding to each measurement interval in the framing period 



-selecting means (604) for selecting at least one measurement 
interval in the framing period (FP2) in dependence of said 
estimated measures; _ 

-level estimating means (605) estimating the DC-offset (DC31, 
DC32) using samples in the set of samples corresponding to said 
selected measurement interval . 

12. A radio receiver (301) according to claim 11 

charac teri zed by the first regions (401) being time 
intervals of a length (LI) corresponding to twice a maximum 
timing advance value in the communication system (PLMNl) . 

13. A radio receiver (301) according to claim 11 
characterized by the first regions (401) being time 

intervals of a length (LI) corresponding to twice an effective 
maximum timing advance value used when communicating on the 
radio carrier frequency (RCF2) . 

14. A radio receiver (301) according to any one of claims 11-13 
characterizedin that the sequence of measurement 
intervals is defined such that, with respect to a first point in 
time (T701) coinciding with the beginning of a measurement 
interval (701), a second point in time (T702) one TDMA-frame 
period (703) after the first point in time (T701) also coincides 
with the beginning of a measurement interval (702) . 

15. A radio receiver according (301) to any one of claims 11-13 
characterizedin that the sequence of measurement 
intervals is defined such that, with respect to a first point in 
time (T704) coinciding with the beginning of a measurement 
interval (704), there is a small offset (706) in time between a 
second point in time (T705) one TDMA-frame period (703) after 
the first point in time {T704) , and the beginning of the 



(FP2) ; 
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measurement interval (705) closest to the second point in time 
(T705) . 

16. A radio receiver according (301) to any one of claims 11-15 



corresponding to one TDMA- frame. 

17. A radio receiver according (301) to any one of claims 11-15, 
characterized by the framing period (FP2) being of 
length corresponding to a half TDMA-frame. 

18. A radio receiver according (301) to any one of claims 11-17 
characterized in that the selecting means (604) is 
adapted to select the measurement interval with the v/eakest 
signal according to said estimated measures. 

19. A radio receiver (301) according to any one of claims 11-18 
characterized in that the level estimating means 
(605) is adapted to estimate the DC-offset (DC31, DC32) as an 
average of at least a subset of samples in the set of samples 
corresponding to the selected measurement interval . 

20. A radio receiver according to any one of claims 11-18 
characterized in that the level estimating means 
(605) is adapted to estimate the DC-offset (DC31, DC32) as a 
running average of at least a subset of samples in the set of 
samples corresponding to the selected measurement interval in at 
least two consecutive framing periods (FP2) . 

21. A radio receiver according to any one of claims 11-20 
characterized in that the radio receiver comprises 
means (305-313) for deriving a pair of quadrature signals (S32- 
S33) from the received radio signals (S31) . 



haracterizedby the framing period being of length 
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AMENDED CLAIMS 

[received by the International Bureau on 18 February 2000(18.02.2000); 
original claim 1 amended; remaining claims unchanged (1 page)] 

1. A method for estimaring a DC-offset (DC31, DC32) in at least 
one output signal (S32, S33) from an analog front end (302) of a 
radio receiver (301) in a TDMA-based radio communication systera- 
5 (PLMNl), wherein the radio receiver (301) is used to receive 
radio signals transmitted by mobile stations (MS1-MS3) on a 
radio carrier frequency (RCF2) , the method comprising the steps 
of: 

a) defining (501) a sequence (410) of measurement intervals such 
10 that for any first measurement interval (411) in the sequence 

(410) there is a subsequent second measurement interval (412) 
which together with the first measurement interval (411) fulfil 
two criteria with respect to a pattern of first regions (401) 
and second regions (402) wherein each first region (401) has a 
15 predetermined length (LI), the centres of two consecutive first 
regions (401) are separated by a distance equal to one time slot 
(Dl) and each second region (402) extends between two 
consecutive first regions (401), the two criteria being that: 

- the distance (D2) between the first measurement interval 
20 (411) and the second measurement interval (412) is greater 

than the length (LI) of one first region (401), 

- the distance (D3) from the beginning of the first measurement 
interval (411) to the end of the second measurement interval 
(412) is less than the length (L2) of one second region 

25 (402); 

b) generating the at least one analog output signal (S32, S33) 
by performing analog signal processing of received radio signals 
(S31) including the radio signals transmitted on the radio 
carrier frequency (RCF2) by the mobile stations (MS1-MS3); 

30 c) deriving digital samples (S36, S37) from the at least one 
analog output signal (S32, S33) ; 
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